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Introduction 


This  report  provides  a  detailed  description  of  my  accomplishments 
for  the  first  year  of  funding  supported  by  the  USAMRMC  Breast 
Cancer  Research  Program.  The  subject  of  my  research  is  to  identify 
and  clone  target  genes  for  the  transcription  factor  Egr-1.  The 
purpose  is  to  gain  an  understanding  of  the  profile  of  genetic  targets 
for  Egr-1  in  normal  breast  cells  which  are  absent  from  breast 
cancer  cells.  The  long  term  goal  is  to  build  transcriptional  profiles 
for  Egr-1  and  to  identifying  key  transcriptional  defects  occurring  in 
breast  cancer  cells.  For  this  report,  the  scope  of  the  research  is  to 
first  confirm  the  expression  of  Egr-1  in  normal,  but  not  in  breast 
cancer  cells.  Subsequently,  Egr-1  must  be  crosslinked  to  its  target 
sites  in  vivo  through  the  action  of  a  buffered  formaldehyde 
solution,  and  the  crosslinked  Egr-1,  together  with  its  bound  DNA, 
isolated  for  further  characterization. 

Body 

The  first  task  accomplished  for  this  project  was  to  confirm  the 
expression  of  Egr-1  in  MCF10A  cells,  but  not  in  MCF7  cells.  This 
result  confirmed  that  Egr-1  is  expressed  in  normal,  but  not  in  breast 
cancer  cell  types.  (Figure  1). 


After  having  confirmed 
expression  of  Egr-1  in  normal 
breast  cells,  the  next  goal  was 
to  achieve  formaldehyde- 
mediated  crosslinking  of  Egr-1 
to  its  target  binding  sites.  Once 
crosslinking  was  achieved,  Egr- 
1  together  with  its  bound  DNA 
was  immunoprecipitated  from 
the  purified  chromatin  fraction. 
Figure  2  shows  the  specific 
immunoprecipitation  of 
crosslinked  Egr-1  using  an  affinity  purified  antibody  prepared  in 
this  laboratory. 


MCF7  MCF10A 


Egr-1 


Actin 


Figure  1.  Expression  of  Egr-1 
in  MCF10A,  but  not  in  MCF7  cells. 
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Once  Egr-1  and  its  crosslinked 
target  sites  were  captured,  the 
next  task  was  to  perform  linker 
ligation  onto  the  captured  DNA 
targets  followed  by  their 
amplification.  This  was  done  in 
order  to  obtain  sufficient  DNA 
quantity  to  allow  further 
characterization.  Figure  3  shows 
the  specific  amplification  of  DNA 
target  sites  from  Egr-1 
immunoprecipitates  from  MCF10A, 
but  not  from  MCF7  cells. 

This  result  highlights  the 
successful  use  of  the  in  vivo  crosslinking  technique  to  recover  DNA 
targets  directly  bound  by  a  transcription  factor,  in  this  case  Egr-1. 
These  target  DNA  sites  represent  regulatory  sequences  through 
which  Egr-1  exerts  its  effects  in  normal,  but  not  abnormal,  breast 
cells.  It  is  these  sequence,  therefore,  that  are  to  be  characterized 
in  further  detail  in  order  to  put  together  a  profile  of  Egr-1 
dependent  transcriptional  events.  To  this  end,  all  of  these  DNA 
targets  have  been  cloned  into  a  vector  for  their  propagation,  and 
large  scale  DNA  preparations  have  been  done.  All  of  these  captured 
DNA  targets  are,  therefore,  available  for  further  characterization. 


The  cloning  of  Egr-1  target  DNA 
sites  represents  a  major  goal  in 
this  project,  since  all  of  the  Egr-1 
targets  have  been  isolated  from 
the  bulk  of  genomic  DNA.  It 
remains,  however,  the  complex 
task  of  identifying  from  amongst 
these  cloned  targets  those  target 
sites  through  which  key  gene 
regulation  effects  are 
accomplished.  A  direct  screening 
of  binding  sites  can  be  performed 
at  this  stage  to  ensure  specificity  of  Egr-1  binding  followed  by 
sequencing  to  identify  the  target  site.  Since  this  approach  would 


/£* 

M  # 


Figure  3.  Amplification  of 
DNA  targets  from  Egr-1 
immunoprecipitates. 


MCF7  MCF10A 

w  Egr-1 

IgG 

Figure  2.  Immunocapture 
of  crosslinked  Egr-1. 
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require  the  individual  sequence  characterization  of  hundreds  of 
isolated  sequences,  it  was  decided  to  address  the  issue  of  focusing 
of  functionally  relevant  sequences  within  the  library  of  Egr-1 
targets.  To  this  end,  having  achieved  the  cloning  of  a  “library”  of 
Egr-1  target  sites,  the  next  goal  centered  on  identifying,  from 
amongst  the  many  binding  sites  present  in  the  library,  those  which 
are  functionally  relevant  to  transcriptional  regulation  by  Egr-1 


in  breast  cells.  To  accomplish  this,  I  have  developed  a  method  to 
isolate  from  the  library  of  sequences,  those  which  consist  of 
regulatory  sequences  adjacent  to  expressed  genes.  The  method 
consists  of  multiplex  PCR  amplification  from  a  breast  cDNA  library, 
and  is  depicted  in  figure  4.  The  method  was  developed  using 
fibrosarcoma  cells  either  deficient  in,  or  overexpressing  by  stable 
transfection,  Egr-1.  It  can  be  seen  in  figure  5  that  the  amplification 
of  expressed  cDNA  sequences  can  be  achieved  using  this 
methodology.  I  am  now  in  the  process  of  applying  this  technique  to 
the  amplification  of  Egr-1  targets  derived  from  MCF10A  cells. 

By  incorporating  this  application,  I  will  be  able  to  eliminate  those 
target  sites  which  do  not  contribute  to  transcriptional  regulation  by 
Egr-1,  and  focus  solely  on  those  which  represent  target  sites 
capable  of  gene  regulation.  In  this  way,  I  am  proceeding  to  build  a 
profile  of  Egr-1  target  genes  in  breast  cells  which  will  contribute 


E9+  E9+  E9+UV 

M  lib  |jb  E9  uv  +|jb 


Figure  5.  Multiplex  PCR  amplification 
of  captured  Egr-1  targets  from  a  cDNA 
library.  E9  cells  express  Egr-1,  and  are 
activated  by  UV  exposure. 


to  amplify  expressed  genes 
from  the  captured  DNA 


Primer  in 
captured  DNA 


’  cDNA  from  library 


P2  in  plasmid 


plasmid  sequences 


Figure  4.  Multiplex  PCR 
strategy. 
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to  an  understanding  of  the  aberrant  genetic  events  occurring  in 
breast  cancer  cells. 

Appendix 

1)  Key  research  accomplishments: 

*  Confirmed  expression  of  Egr-1  in  normal  (MCF10A),  but  not  in 
breast  cancer  cells  (MCF7). 

*  Successfully  crosslinked  Egr-1  to  its  target  sites  in  vivo  in 
MCF10A  cells.  Successfully  captured  Egr-1  together  with  target 
DNA  from  these  cells. 

*  Amplified  Egr-1  bound  targets  from  immunoprecipitates,  and 
cloned  targets  into  a  vector  to  provide  a  library  of  Egr-1  bound  DNAs 
for  further  characterization. 

*  Developed  a  method  of  multiplex  PCR  to  allow  the  further 
characterization  of  functionally  significant  DNA  target  sites  from 
within  the  library  of  targets.  This  method  allows  the  identification 
of  target  sites  which  lie  adjacent  to  expressed  cDNAs,  and  amplifies 
the  cDNAs  themselves  for  identification. 

2)  Reportable  outcomes: 

Manuscript:  I.  de  Belle,  D.  Mercola,  and  E.D.  Adamson  (2000).  A 
method  for  cloning  in  vivo  targets  of  the  Egr-1  transcription  factor. 
Biotechniques  (In  press,  July,  2000). 

Funding  applied  for:  USAMRMC  Prostate  Cancer  Research 
Program.  New  Investigator  Award.  Cloning  and  characterization  of 
Egr-1  target  genes  in  prostate  cancer.  Proposed  start  date:  October 
2000. 
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ABSTRACT 

A  methodology  is  described  that  allows  the  in  vivo  trapping  of  transcription  factors  to  their 
target  regulatory  elements  in  multiple  genes  simultaneously.  Cross-linking  using 
formaldehyde  is  the  first  of  several  steps  to  isolate,  purify,  clone  and  characterize  multiple 
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Figure  1  -  Flow  Chart  of  steps  to  clone  in  vivo  target  genes  of  Egr-1 

(D1VET  cloning) 
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